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ABSTRACT: Changes of the minimum multiannual discharge on the Crasna 
/ Kraszna Stream. 72% of the Crasna/Kraszna River catchment area of 3142 km
2 
is situated on Romanian area, while 28% of it is situated on Hungarian area. In the 
last decades, a significant change occurred in the characteristics of the many years’ 
water level fluctuation on the lower river section on Hungarian area, as the 
investigations carried out in the previous years have already indicated based on the 
annual characteristical discharge data. The change can be determined also 
considering the medium and maximum discharges, but especially it is significant 
in the low water periods. On account of revealing the reasons and main 
characteristics of the changes, we have carried out the detailed statistical study of 
the last six decades’ daily discharge data, their many years’ development, on the 
other hand we have carried out the comparing study of the low water 
characteristics of the stations situated on the middle and lower river section. The 
increasing trend of the daily minimal discharge values and the decreasing trend of 
the number of low water days is in opposite direction with the decreasing trend of 
the precipitation change.  
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deficits, 
 
 
1. INTRODUCTION 
 
The investigations prepared in the last years analysed the hydrological 
statistical characteristics of the Tisa/Tisza River and its tributaries including the 
low waters of the bigger streamflows crossing the Romanian-Hungarian border, the 
changes occured in the second half of the XX. century and the first decade of the 
XXI century, in the minimum water discharges, during the low water periods and 
in case of streamflow deficit (Konecsny, 2010, 2011, Konecsny-Bálint 2010a,b,c, 
2011, Konecsny-Mika 2010, Konecsny-Nagy 2011, Konecsny-Nováky 2011). The 
studies found that the changes mainly occurred  due to the anthropogenic 
interventions serving the increasing of utilizable water resources (water storage, 
water transfer between the water streams, water use, sewage water discharges) but 
not the impact of natural processes. According to the analysis of annual minimum 
discharges at the hydrographic station Ágerdőmajor on Kraszna river (Konecsny 
and Sorocovshi, 1996), we found that as result of the technical interventions carried 
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out on the Romanian upper section, the annual law water discharge has increased 
nearly four times.  On the upper section, where the fluctuation is natural close, it 
could be observed an insignificant increase in low water discharge, which also 
indicated that the water level fluctuation was created not as result of natural 
processes. Considering the theoretical and practical importance of the problem, we 
decided to make a detailed statistical analyse of the low water discharges of 
Crasna/Kraszna River. 
 
2.  THE IMPACT OF HYDRAULIC ENGINEERING MEASURES 
ON HYDROLOGICAL REGIME 
 
Crasna/Kraszna is the Tisa’s left tributary, which springs from  the 
Carpathians  Mountains  (Munţii  Meseşului)  and  flows  into  the  Tisza  at 
Vásárosnamény. The total length of the river stretching from south to north on 
Romanian and Hungarian territory, its catchment area is 3142 km
2  (72 % on 
Romanian territory, 28 % on Hungarian territory).   
 
Fig. 1. The water network, main water structures and hydrometric stations with long time 
streamflow on the catchment area of Crasna/Kraszna river  159 
There are medium mountains on its source region, hills in the north, then 
more in the north there is plain. The difference between the highest and the lowest 
areas is nearly 800 m. The height at the Tisa/Tisza mouth is 110-112 m. 
Before the flood regulations, the bigger rises of the river often flooded the 
area, the river often changed its running direction, it created many abandoned river 
beds and also the eutrophic mood area known as Mlaştina Ecedea/Ecsediláp (Ecsed 
Mood). The most significant river regulation works were performed between 1895-
1898. The flood dikes were constructed on both Crasna/Kraszna river banks from 
the Zalău stream mouth till the Tisza River. Therefore along the river a total of 72 
m
3s
-1 inland water pumping was established (more than ten times of the river’s 
medium discharge). 3 pieces from these are placed above Supuru de Jos, 12 pieces 
between Supuru de Jos and Ágerdőmajor. Between 1977-1978 a reservoir with a 
volume of 40.65 millions m
3 was developed on the upper river section at Vârşolţ. 
The drinking water supply is provided from here for the cities of Zalău (0.500 m
3s
-
1) and Şimleu-Silvaniei (0.250 m
3s
-1). They also serve to the flood level decrease, 
the polders from Supuru de Jos with a capacity of 5.8 millions m
3 and from Moftin 
of 5.68 million m
3. In drought periods, the Crasna is relatively small to replace its 
water stocks, 0.200-0.750 m
3s
-1 water is transferred from the Barcău catchment 
area  into  the  Vârşolţ  reservoir.  In  Zalău  the  industrial  water  needs  was  also 
replaced  from  the  Someş  River  (0.800  m
3s
-1).  The  waste  water  of  Zalău  and 
Şimleul Silvaniei cities significantly increases the Crasna low water discharge. At 
the time of restriction ordered due to the lack of water, at least 0.300 m
3s
-1 is outlet 
from the reservoir, which exceeds the natural low water discharge of the river. 
 
Table 1. The morphological and hydrological data of the Crasna/Kraszna river 
Gauging section 
Distance from the 
mouth [chkm] 
Catchment area 
[km
2] 
Gauge "0" 
[mBf] 
Qm aa 
[m
3s
-1] 
Crasna Crasna  157  196  -  1.18 
Crasna Supuru de Jos  97.0  1,189  142.59  3.44 
Crasna Domăneşti  61.0  1,724  111.77  5.47 
Kraszna Ágerdőmajor  45.2  1,974  110.36  5.52 
Kraszna Kocsord  22.8  2,925  106.62  - 
The many year average water discharge is 1.18 m
3s
-1 at Crasna, 3.44 m
3s
-1 
at Supuru de Jos, 5.52 m
3s
-1 at Ágerdőmajor (Table 1). The big fluctuation of water 
discharge is indicated by the fact that on the lower river section the many year 
maximum water discharge exceeds 7000 times the minimum water discharge 
monitored until now, the medium water discharge exceeds it 130 times.  The 
characteristics of water fluctuation had been analysed using the data, time series 
from the stations providing regular monitoring (Fig. 1, Table 1). 
 
3. DATA AND METHODS 
 
The hydrographic station having the longest and the most reliable series of 
daily discharge are at Supuru de Jos in Romania (1961-2009) and at Ágerdőmajor 160 
in Hungary (1948-2009). The joint, interrupted daily water discharge series of the 
two stations is available for the period 1961-2009. 
A low flow period is defined within the hydrological or calendar year and 
considered  as a period with decreased runoff when‚  low flow’ discharges are 
observed. The low flow event is defined as function of time, while values remain 
below a discharge threshold (Kovács & Domokos 1996). The given discharge 
value is a threshold related to groundwater supply originated base flow and 
possible interflow or surface flow component, also referred as a reference 
discharge value (Q0),  critical or threshold low flow value. According to the 
approach developed by Kille (1970) the mean baseflow originating from 
groundwater supply is taken into account as ‘critical’ or threshold value. Several 
decades of discharge observations are used to calculate the critical minimum flow 
taken as the 50% value of monthly minima. The critical discharge was calculated 
for using the nearly undisturbed 1961-1977 period, namely the monthly minima 
(204 values). The resulting critical discharge was set at Crasna - Supuru de Jos 
station 0.468 m
3s
-1, while at Kraszna - Ágerdőmajor station 0.524
 m
3s
-1 (Table 2). 
   
Table 2. Setting the discharge threshold (Q0) based on monthly minima 
Hydro metric 
station 
Qmonth min – 
month/year 
MM/YY 
Qmonth 
min 
mean 
Cv  Low flow values of different probability  
[m
3s
-1] 
50%  80%  90%  95%  97% 
Supuru de Jos  0.005/10,61  0.657  0.64  0.468  0.200  0.130  0.062  0.045 
Ágerdőmajor  0.042/11,48  0.757  1.34  0.524  0.282  0.160  0.109  0.093 
Certain frequently applied arbitrary simplifications were used (Zelenhasić 
et al. 1987, Kovács-Domokos 1996, Tallaksen 2007). Namely, continuous low 
flow periods are sometimes interrupted by episodes of higher flow events without 
changing the main characteristics of the low flow period. When the limiting period 
of slightly higher flow was less than three-day long – in case of the Crasna – then 
the two low flow periods were considered as one single event. In the course of 
hydrological analyses the time series of the following characteristics were 
investigated: annual minimal discharge (Qmin a), multi-annual minimal discharge 
(Qmin aa), annual minimum of daily mean discharge (Qm min d), multi-annual 
minimum of daily mean discharge (Qm min d a), annual number of days with low 
flow (days), total annual length of low flow periods (days), the longest 
(uninterrupted) low flow period during a given year (days), number of low flow 
events in a year (dimensionless), annual volume of water deficit (Wdef [m
3]), water 
deficit of the longest (uninterrupted) low flow period during a given year (Wdef 
[m
3]). 
 
4. HYDROLOGICAL CHARACTERISTICS OF LOW WATER 
 
To evaluate the characteristics of the rivers’ water level fluctuations it is 
primarily used the medium water discharges, but in determination and treatment of 
the utilizable water stocks it is also required the detailed analyse of temporal and 
special changes in the extremenesses of the water level fluctuation. The 161 
extremenesses of the water level fluctuation on the Crasna river, as well as at the 
two hydrometric stations, are reflected by the deviation between the development 
of daily water discharges of a high water year (1998) and in case of a low water 
year (1971) (Fig. 2.).  The year 1998 is significantly of high water, also regarding 
the high annual medium, maximum and minimum water discharge values, and the 
distribution of water discharges within one year. In the spring, summer and autumn 
periods, high flood waves followed each other, from which outstands that from 
June. But in 1971 the annual medium, maximum, minimum discharges were 
significantly lower, it hardly run off any significant flood wave. The maximum 
discharge in 1971 was (8.05 m
3s
-1), practically it was similar to the annual medium 
discharge of (8.02 m
3s
-1) in 1988. 
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Fig. 2. Hydrographs of daily discharges and characteristic annual values for the high 
water year - 1998, and low water year – 1971 
 
According to the data of the current minimum annual discharges and the 
minimal daily medium discharge, it can be determined that at the analysed station, 
between 1961-2009, the low discharges are characterized by increasing trend (Fig. 
3.). The annual minimal discharges occurred in the years before the installing of 
the reservoir, after that they significantly increased (at Supuru de Jos from 0.243 
m
3s
-1 to 0.678 m
3s
-1 at Ágerdőmajor from 0.368 m
3s
-1 to 1.20 m
3s
-1). 
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Fig. 3. Annual minima of daily mean discharges (continuous lines) and instantaneous 
minima (dashed lines) with linear trends at stations Crasna/Kraszna 1961-2009 
 
In the periods of February and June it did not or just with a low frequency 
occurred annual minimal discharge (Fig. 4.). At Supuru de Jos the highest monthly 162 
frequency of the annual minimal discharges occurred in January (28.6 %) and at 
Ágerdőmajor  in  October  (22.4  %).  The  differences  can  be  explained  by  the 
differences of measuring and processing methodology applied in both countries.  
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Fig. 4. Seasonal frequencies of annual minima of daily mean flow 
 
The annually summed length of the low water period below the discharge 
threshold (maximum three months with interruption) was between 0-193 days/year 
at Supuru de Jos, at Ágerdőmajor 0-207 days/year. The rate of changes is indicated 
by the fact that in the last decades at Supuru de Jos since 1981, at Ágerdőmajor 
since 1975 there had not occur any discharge value below Q0 (Fig. 5.). The longest 
annual coherent low water period was maximum 193 days/1961,VI,22-1962,I,1 
(Supuru de Jos), or 136 days/1961,VII,15-XI,27 (Ágerdőmajor). 
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Fig. 5. Low flow periods (days) below the threshold (Q0) 
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Fig. 6. Low flow periods at Crasna/Kraszna in 1961 and illustration of 
streamflow deficit (W) below the threshold flow rate 
 
The annual summed streamflow deficit (Wdef  million m
3) indicates the 
difference between the volume of the water flown during the days below the 163 
discharge threshold and the volume of water would have flown in case of Q0 value 
discharge (Fig. 6.). At the hydrographical station at Supuru de Jos on Crasna, the 
annually summed medium value of the many years streamflow deficit is 0.430 
million m
3, the highest summed annual streamflow deficit was 5.38 million m
3 in 
1961. At Ágerdőmajor in 1961 it was 0.468 million m
3 and 1.37 million m
3. 
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Fig. 7. Annual streamflow deficit 
 
5. CONCLUDING REMARKS 
 
In the analysed period (1961-2009) of 49 years, as result of the technical 
interventions, from 1979 a drastic change occurred as regards the low water 
parameters on the Crasna/Kraszna middle section, while on the upper section, 
which is characterised by natural close water level fluctuation, a hardly detectable 
change occurred. 
These are characteristically positive changes as in the last three decades the 
low water resources of the river, as well as there did not occur low water periods. 
The annual minimal water discharges increased two-three times; the annual total 
length of the low water periods below the water discharge threshold maximum fell 
from 200 days  to 0; many years medium value of the annual total  streamflow 
deficit decreased from 0.43-0.47 millions m
3   to 0 million m
3 
The changes presented are opposed, at the effects of the climate change, it 
has already started with changes provable already in our region.  Therefore in case 
further the technical interventions are absent, in the next 2-3 decades an 
equalization can be expected between the effects of the climate change and the 
effects of the technical interventions, as well as the turn of trends presented to the 
low water discharges. 
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